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1. Introduction

In RAN1, there have been several contributions that evaluate the relay system performance [1 – 9]. This contribution provides evaluations of the downlink relay system level performance and compares the performance of the Type I relay (L3 relay) and L1 relay based on the latest agreed simulation assumptions [10] to investigate deployment scenarios for the Rel. 10 relays. 
2. Evaluation Assumptions
2.1 Relay Node Deployment Scenario
The following two relay node (RN) deployment scenarios are evaluated.

· Uniformly random deployment scenario
· Fixed deployment scenario [3]
The number of RNs is parameterized as 1, 2, or 4 per macrocell for these two deployment scenarios. The same RN location is used for both the L1 and Type I relay. Note that the RN deployment scenario may affect the relay throughput performance as shown in [3, 4, 6, 9, and 11], and we plan to study this issue further.
2.2 Assumptions for L1 Relay
The L1 relay is assumed to be an amplify-and-forward type of equipment and works in full-duplex mode, i.e., it can transmit and receive signals simultaneously. On the other hand, the L1 relay amplifies not only the desired signals but also noise and interference. The power allocated to a useful signal at an L1 relay can be described using a power scaling factor, which is assumed to be the power ratio of the desired signal to noise and interference and is related to the received SINR (Signal-to-noise-and-interference ratio) at the L1 relay. Two non-ideal characteristics of L1 relay are modelled. One is processing delay. The transmitted signals of L1 relay is delayed compared with that of eNB and thus may result in ISI (Inter-symbol interference) at UE if the delay spread observed at UE is larger than the length of CP (Cyclic prefix). The method in [12] is used to model the impact of processing delay. The other is upper-bound of L1 relay amplifier gain. If the received signals at L1 relay are very weak, the output power of L1 relay is limited by its amplifier gain. Therefore, L1 relay can not always use maximum transmission power for downlink transmissions to UEs. To be specific, the transmission power 
[image: image1.wmf]RS

P

 of L1 relay can be descript by  
[image: image2.wmf](

)

K

P

P

P

in

RS

+

=

,

min

max

, where 
[image: image3.wmf]max

P

 ,
[image: image4.wmf]in

P

 and 
[image: image5.wmf]K

 denote maximum transmission power, the received signal power and the upper-bound of amplifier gain (in dB) of L1 relay, respectively.
2.2.1. Cell selection in L1 relay system
Because an L1 relay amplifies the signal of a serving eNB, a UE will observe a composite channel, i.e. a combination of channels from the eNB to UE and from the L1 relays to the UE. Therefore, the measured RSRP (Reference signal received power) at the UE consists of two parts: the RSRP of the eNB and the RSRP of all the L1 relays in the eNB’s cell. 
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where 
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 denotes the transmission power of the eNB, 
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 denotes the large scale fading (including a distance dependent path loss, shadowing and antenna pattern gain) between the eNB and UE, 
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 denotes the power scaling factor of the L1 relay I, 
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 denotes the number of relays in a macrocell, respectively.

We assume the power scaling factor of the L1 relay i as 
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where 
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 denotes the geometry SINR of L1 relay i.
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where 
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 denotes the large scale fading between the eNB and L1 relay i, 
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 denotes the interference observed at L1 relay i, 
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 denotes the noise power. On the basis of the observed RSRP as in (1), cell selection is performed, e.g., the eNB with the largest RSRP is selected.
2.2.2. Geometry SINR for UE in L1 relay system

When the signals from L1 relays are taken into account, the geometry SINR for a UE can be expressed as
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where 
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 denotes the large scale fading between the eNB and UE, 
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 denotes the transmission power of the relay, 
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 denotes the other cell interference (from the eNB and relays in other macrocells) observed at the UE, 
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denotes the large scale fading between L1 relay i and the UE. 
2.2.3. Signal model in multiple antenna L1 relay system

The received signal at a UE in a macrocell system is represented as
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In the L1 relay system, the received signal at a UE is represented as 
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where 
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 denote the instantaneous MIMO fading  channel of the direct link, access link of relay i and the backhaul link of relay i, respectively. In addition, 
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 denotes the precoding matrix, 
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2.3 Assumptions for Type I Relay

The Type I relay is assumed to be an inband half-duplex relay, i.e., simultaneous transmission and reception on the same frequency is not allowed. Unlike the L1 relay, there is no loop-back interference and noise/interference amplification for the Type I relay. The empty status of a buffer for the Type I relay is modelled, i.e., data are transmitted from the Type I relay to the UE only if the buffer of the Type I relay is not empty. If there are no data in the buffer, the Type I relay will stop transmission even if there are spare resources in the access link. Two HARQ procedures are assumed, i.e., HARQ on the backhaul link and on the access link. These two HARQs are independently modelled and an asynchronous HARQ is applied. We assume that the total delay by the Type I relay is ignored.
2.3.1. Cell selection in Type I relay system
The RSRP of the Type I relay measured at a UE is represented as
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We assume unbiased RSRP cell selection, and a UE simply selects the cell (eNB or RN) based on the highest RSRP. 
2.3.2. Geometry SINR of UE in Type I relay system

The geometry SINR for a UE connected to the Type I relay is represented as 
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2.3.3. Signal model in multiple antenna type I relay system

For the backhaul transmission, the received signal at the Type I relay is represented as
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where 
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I

 denotes interference (from other eNBs and Type I relays) observed at the Type I relay i. For the access link transmission, the received signal at the relay UE (RUE) is represented as
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2.3.4. Backhaul resource allocation method
The number of backhaul subframes in a radio frame is (semi-)statically configured to be 2, 4, or 6 regardless of the number of Type I relays in a macrocell. In backhaul subframes, we assume that the eNB transmits data to both the Type I relay and macro UE (MUE). In a non-backhaul subframe, the eNB only transmits data to MUEs (Type I relay may transmit to RUEs at the same time). The resource partitioning in a backhaul subframe between a backhaul link transmission to the Type I relay and a direct link transmission to a MUE is assumed to be the same as that described in [3], in which the numbers of backhaul subframes, MUEs, and RUEs are considered. For the resource allocation, the Type I relay has a higher priority than MUEs. Resources are first allocated to multiple Type I relays on the basis of their channel conditions considering the channel frequency selectivity. After that, the remaining resources (if they exist) are allocated to MUEs. We believe that the performance of the Type I relay system is affected by many factors such as the resource partitioning method on the backhaul subframes between relays and MUEs, scheduling of relays and MUEs on the backhaul subframes at the eNB, and scheduling of RUEs at relays. We will consider more sophisticated algorithms in a future study.
2.4 Other Assumptions 

We follow the agreed simulation assumptions of the 3GPP Case 1 and Case 3 (Suburban) scenario [10]. Detailed simulation assumptions are listed in the Appendix A. The number of UEs per cell is 25 and the locations of the UEs are randomly set with a uniform distribution within each macrocell. The channel model is assumed to be the spatial channel model (SCM) urban macro high spread channel model. We assume the same backhaul link and access link assumptions, e.g., a distance dependent path loss, shadowing, fast fading models, for both the Type I relay and L1 relay. We also assume the same antenna configuration, antenna pattern, and antenna gain. Two transmit and receive antennas are assumed for the relay. The simulation results of 3GPP Case 3 (Suburban) are shown in Appendix B.
3. Simulation Results
In this section, we investigate the downlink system level performance evaluations for the Type I relay and L1 relay. 
3.1 Random RN Deployment Scenario
Figures 1 and 2 show the geometry distributions (without shadowing) of the L1 relay and Type I relay for a random RN deployment scenario, respectively. We can see that the random deployment scenario may not place RNs at the appropriate locations. Therefore, the performance gain of a random RN deployment scenario would be lower than that of a fixed relay deployment scenario with optimized locations. 
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(a) 1 RN/macrocell               (b) 2 RNs/macrocell                 (c) 4 RNs/macrocell

Figure 1 – Geometry distribution of L1 relay (Random RN deployment scenario, 3GPP Case 1)
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(a) 1 RN/macrocell               (b) 2 RNs/macrocell                 (c) 4 RNs/macrocell

Figure 2 – Geometry distribution of Type I relay (Random RN deployment scenario, 3GPP Case 1)
Figure 3 shows the overall average cell throughput and cell-edge user throughput performance for different numbers of RNs per macrocell. The number of RNs per macrocell is parameterized as 1, 2, or 4. For the Type I relay, the number of backhaul subframes per radio frame is set to 4. For the L1 relay, the upper-bound of amplifier gain, K, is set to be 60 (dB). Figure 4 shows the overall average cell throughput and cell-edge user throughput performance for different numbers of backhaul subframes for the Type I relay. The number of backhaul subframes for the Type I relay is parameterized as 2, 4, or 6. The number of RNs per macrocell is set to 4. Figure 5 shows the ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell.
From these results, we conclude the following.
· From Figs. 3 and 4, both the overall average cell throughput and cell-edge throughput can be improved by deploying Type I or L1 relays.

· From Fig. 3, the more relays in a cell, the higher cell-edge user throughput can be achieved.
· From Fig. 4, when the backhaul becomes a bottleneck, the cell throughput of Type I relay increases rapidly with an increase in the number of backhaul subframes, e.g., from 2 to 4 backhaul subframes. When the backhaul is not a bottleneck, the cell throughput of Type I relay increases slowly with an increase in the number of backhaul subframes, e.g., from 4 to 6 backhaul subframes. From Fig. 5, we see that the number of RUEs is approximately 40% of all UEs in 4 RNs per macrocell case. Therefore, 4 backhaul subframes seems to be the changing point for the bottleneck.
· The Type I relay can increase the overall cell (cell-edge) performance by approximately 5 – 10% (5 – 25%) compared to the macrocell under the current random RN deployment scenario and assumptions.
· Type I relays can increase the overall cell (cell-edge) performance by approximately 3 – 5% (0 – 5%) compared to the L1 relays under the current random RN deployment scenario and assumptions.
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure 3 – Throughput performance comparison of Type I relay and L1 relay
for different numbers of RNs per macrocell (Random RN deployment scenario, 3GPP Case 1)
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure 4 – Throughput performance comparison of Type I relay and L1 relay
for different numbers of backhaul subframes (Random RN deployment scenario, 3GPP Case 1)
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Figure 5 – Ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell 
(Random RN deployment scenario, 3GPP Case 1)
Figure 6 shows the cumulative distribution function (CDF) of the user throughput. The UEs include both MUEs and RUEs for L1 and Type I relays. The number of L1 and Type I relays per macrocell is set to 4. In Table I, we summarize the overall average cell throughput and cell-edge throughput performances for a random RN deployment scenario. In Table I, the throughput performance of the L1 repeater, which the upper-bound of amplifier gain, K, is set to be 100 (dB), is also shown as a reference.
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Figure 6 – CDF of user throughput (Random RN deployment scenario, 3GPP Case 1)
Table I – Throughput performance for random RN deployment scenario (3GPP Case 1)
	4 RNs/macro-cell
	Cell throughput (Mbps)
	Gain to cellular system
	Cell-edge throughput (Mbps)
	Gain to cellular system

	Cellular
	21.374
	-
	0.238
	-

	L1 relay
	w/o ISI,
PRS = Pmax
	23.342
	9.21%
	0.291
	22.27%

	
	w/ ISI,
K = 60dB
	22.260
	4.15%
	0.281
	18.07%

	
	w/ ISI,
K = 100dB
	22.460
	5.08%
	0.291
	22.27%

	Type I relay
	 2 backhaul
	22.908
	7.18%
	0.234
	-1.68%

	
	 4 backhaul
	22.858
	6.94%
	0.299
	25.63%

	
	 6 backhaul
	22.993
	7.57%
	0.285
	19.75%


3.2 Fixed RN Deployment Scenario
Figures 7 and 8 show the geometry distributions (without shadowing) of the L1 and Type I relays for a fixed relay deployment scenario, respectively. Compared to a random relay deployment scenario, a larger performance gain, especially a cell-edge throughput gain, can be expected due to the increased number of optimized relay locations. 
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(a) 1 RN/macrocell               (b) 2 RNs/macrocell                 (c) 4 RNs/macrocell
Figure 7 – Geometry distribution of L1 relay (Fixed RN deployment scenario, 3GPP Case 1)
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(a) 1 RN/macro-cell              (b) 2 RNs/macrocell                 (c) 4 RNs/macrocell
Figure 8 – Geometry distribution of Type I relay (Fixed RN deployment scenario, 3GPP Case 1)
Figure 9 shows the overall average cell throughput and cell-edge user throughput performance for different numbers of RNs per macrocell. The number of RNs per macro-cell is parameterized as 1, 2, or 4. For the Type I relay, the number of backhaul subframes per radio frame is set to 4. For the L1 relay, the upper-bound of amplifier gain, K, is set to be 60 (dB). Figure 10 shows the overall average cell throughput and cell-edge user throughput performance for different numbers of backhaul subframes for the Type I relay. The number of backhaul subframes for the Type I relay is parameterized as 2, 4, to 6. The number of RNs per macrocell is set to 4. Figure 11 shows the ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell..

From these results, we conclude followings.
· From Figs. 9 and 10, both the overall average cell throughput and cell-edge throughput can be improved by deploying a Type I relay or L1 relay.
· From Figs. 9 and 10, the relay throughput gain of a fixed relay deployment scenario is greater than that for a random relay deployment scenario.
· The Type I relay can increase the overall cell (cell-edge) performance by approximately 10 – 20% (5 – 60%) compared to a macrocell under the current fixed RN deployment scenario and assumptions.
· The Type I relay can increase the overall cell (cell-edge) performance by approximately 5 – 10% (0 – 20%) compared to the L1 relay under the current fixed RN deployment scenario and assumptions.
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure 9 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of RNs per macrocell (Fixed RN deployment scenario, 3GPP Case 1)
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure 10 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of backhaul subframes (Fixed RN deployment scenario, 3GPP Case 1)

[image: image67.emf]1 RN/cell 2 RN/cell 4 RN/cell

0

0.2

0.4

0.6

0.8

1

Fraction of UE

 

 

MUE

RUE


Figure 11 – Ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell
(Fixed RN deployment scenario, 3GPP Case 1)

Figure 12 shows the CDF of the user throughput. The UEs include both MUEs and RUEs for the L1 and Type I relays. The numbers of L1 and Type I relays per macrocell are set to 4. In Table II, we summarize the overall average cell throughput and cell-edge throughput performance for a fixed RN deployment scenario. In Table II, the throughput performance of the L1 repeater, which the upper-bound of amplifier gain, K, is set to be 100 (dB), is also shown as a reference.
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Figure 12 – CDF of UE throughput (Fixed RN deployment scenario, 3GPP Case 1)
Table II – Throughput performance for fixed RN deployment scenario (3GPP Case 1)
	4 RNs/macro-cell
	Cell throughput (Mbps)
	Gain to cellular system
	Cell-edge throughput (Mbps)
	Gain to cellular system

	Cellular
	21.374
	-
	0.238
	-

	L1 relay
	w/o ISI,
PRS = Pmax
	23.628
	10.55%
	0.329
	38.24%

	
	w/ ISI,
K = 60dB
	23.065
	7.91%
	0.306
	28.57%

	
	w/ ISI,
K = 100dB
	23.176
	8.43%
	0.327
	37.39%

	Type I relay
	 2 backhaul
	25.040
	17.15%
	0.279
	17.23%

	
	 4 backhaul
	24.520
	14.72%
	0.373
	56.72%

	
	 6 backhaul
	24.498
	14.62%
	0.337
	41.60%


4. Conclusion
This contribution provided downlink system level performance evaluations for the Type I relay and compared the performance of the Type I relay and L1 relay based on the latest agreed simulation assumptions. The following results were obtained.
· Both the overall average cell throughput and cell-edge throughput can be improved by deploying the Type I relay or L1 relay.

· The relay throughput gain of a fixed relay deployment scenario is greater than that of a random relay deployment scenario.
· The Type I relay can increase the overall cell (cell-edge) performance by approximately 10 – 20% (5 – 60%) compared to the macrocell under the current RN deployment scenario and assumptions. (3GPP Case 1, fixed RN deployment scenario, 1, 2, or 4 RNs per macrocell)

· The Type I relay can increase the overall cell (cell-edge) performance by approximately 5 – 10% (0 – 20%) compared to the L1 relay under the current RN deployment scenario and assumptions. (3GPP Case 1, fixed RN deployment scenario, 1, 2, or 4 RNs per macrocell, upper-bound of L1 relay amplifier gain is 60dB.)
· It should be pointed out that further performance evaluations are necessary considering the following aspects to compare the Type I relay and L1 relays.
· More RN deployment scenario investigations (placement of RNs) are needed considering the deployment scenario for Rel. 10 relays.
· More sophisticated Type I relay algorithm investigations are needed, e.g., resource partitioning for backhaul link, scheduling.
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Appendix
A. Simulation assumptions
Table A I – Detailed Simulation Assumptions
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1 and Case 3(Suburban)

	Carrier frequency
	2 GHz

	System Bandwidth
	10 MHz

	Inter-Site Distance (ISD)
	500 m

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	Relay deployment
	1, 2, 4 relays per macro-cell, wrap‑around

	Number of UEs per macro-cell
	25 (Uniformly deployment) 

	Total eNB Tx power 
	46 dBm

	Total RN Tx power
	Pmax = 30 dBm, K = 60dB, 100dB

	Distance-dependent path loss (dB)
	eNB-UE
	PLLOS(R) = 103.4+24.2log10(R)

PLNLOS(R) = 131.1+42.8log10(R), R in km.
Case 1:
Prob(R) = min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3(Suburban):

Prob(R) = exp(-(R-0.01)/0.2)

	
	eNB-RN
	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R), R in km.
Case 1:
Prob(R) = min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Case 3(Suburban):

Prob(R) = exp(-(R-0.01)/0.23)

	
	RN-UE
	PLLOS(R) = 103.8+20.9log10(R)

PLNLOS(R) = 145.4+37.5log10(R), R in km
Case 1:
Prob(R) = 0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))
Case 3:
Prob(R) = 0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Shadowing standard deviation


	eNB-UE 
	8 dB

	
	eNB-RN
	6 dB

	
	RN-UE
	10 dB

	Correlation distance of shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss 
	eNB-UE 
	20 dB

	
	eNB-RN
	0 dB

	
	RN-UE
	20 dB

	Fast fading model
	3GPP SCM Urban Macro high spread 

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 msec

	Minimum distance between nodes
	eNB and UE
	35 m

	
	eNB and RN
	35 m

	
	RN and UE
	10 m

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern
	eNBs: Tx to RN/UE
	Horizontal
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	Antenna gain (including cable loss)
	14 dBi 

	RN antenna gain (including cable loss)
	Rx with eNB
	7 dBi

	
	Tx with UE
	5 dBi

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB
	2 transmitter antennas (10 wavelength separation) and 2 receiver antennas (0.5 wavelength separation)

	
	RN
	2 transmitter antennas (10 wavelength separation) and 2 receiver antennas (0.5 wavelength separation)

	
	UE
	2 receiver antennas (0.5 wavelength separation)

	Speed
	RN
	0 km/h

	
	UE
	3 km/h

	Noise figure
	RN
	5 dB

	
	UE
	9 dB

	Channel estimation
	Non-ideal (with CRS)

	MCS
	QPSK (R = 1/8, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6);
16QAM(R = 1/2, 3/5, 2/3, 3/4, 5/6);

64QAM (R = 3/5, 2/3, 3/4, 4/5)

	HARQ

	Chase combining
maximum number of retransmissions: 4
Independent HARQ on backhaul link and access link for Type I relay

	CQI feedback delay
	5 msec

	Control delay for scheduling and AMC
	4 msec

	Traffic model
	eNB
	Full buffer

	
	Type I relay
	Empty buffer is modelled

	Scheduling algorithm 
	eNB
	Backhaul subframe
	Relays have higher priority than MUEs. 
PF among relays and MUEs.

	
	
	Non-backhaul subframe
	PF among MUEs

	
	Type I relay
	PF among RUEs

	Link to system level interface
	Exponential Effective SIR Mapping (EESM)

	Receiver type for UE and Type I relay
	MMSE

	Number of backhaul subframes per radio frame for Type I relay
	2, 4, or 6


B. Simulation results of 3GPP Case 3(Suburban)
The simulation results of 3GPP Case 3 (Suburban) are shown in the following. The assumptions of L1 relay and Type I relay are the same as that of 3GPP Case 1. The simulation parameters are shown in Appendix-A.

B.1 Random RN Deployment Scenario
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure B1 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of RNs per macrocell (Random RN deployment scenario, 

3GPP Case 3(Suburban))
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(c) Overall cell throughput
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(d) Cell-edge (5%) user throughput
Figure B2 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of backhaul subframes (Random RN deployment scenario,

3GPP Case 3(Suburban))
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Figure B3 – Ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell 

(Random RN deployment scenario, 3GPP Case 3(Suburban))
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Figure B4 – CDF of user throughput (Random RN deployment scenario, 3GPP Case 3(Suburban))
Table B I – Throughput performance for random RN deployment scenario (3GPP Case 3(Suburban))
	4 RNs/macro-cell
	Cell throughput (Mbps)
	Gain to cellular system
	Cell-edge throughput (Mbps)
	Gain to cellular system

	Cellular
	17.669
	-
	0.128
	-

	L1 relay
	w/o ISI,
PRS = Pmax
	21.616
	22.34%
	0.185
	44.53%

	
	w/ ISI,
K = 60dB
	18.819
	6.51%
	0.156
	21.88%

	
	w/ ISI,
K = 100dB
	20.511
	16.08%
	0.185
	44.53%

	Type I relay
	 2 backhaul
	20.401
	15.46%
	0.186
	45.31%

	
	 4 backhaul
	21.818
	23.48%
	0.170
	32.81%

	
	 6 backhaul
	22.385
	26.69%
	0.163
	27.34%


B.2 Fixed RN Deployment Scenario
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure B5 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of RNs per macrocell (Fixed RN deployment scenario,

3GPP Case 3(Suburban))
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(a) Overall cell throughput
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(b) Cell-edge (5%) user throughput
Figure B6 – Throughput performance comparison of Type I relay and L1 relay 

for different numbers of backhaul subframes (Fixed RN deployment scenario,

3GPP Case 3(Suburban))
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Figure B7 – Ratio of MUEs to RUEs in an eNB cell and in a Type I relay cell
(Fixed RN deployment scenario, 3GPP Case 3(Suburban))

[image: image92.emf]0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE throughput(Mbps)

CDF

 

 

cellular

4 repeaters

4 relays, 2 backhaul subframes

4 relays, 4 backhaul subframes

4 relays, 6 backhaul subframes


Figure B8 – CDF of UE throughput (Fixed RN deployment scenario, 3GPP Case 3(Suburban))
Table B II – Throughput performance for fixed RN deployment scenario (3GPP Case 3(Suburban))
	4 RNs/macro-cell
	Cell throughput (Mbps)
	Gain to cellular system
	Cell-edge throughput (Mbps)
	Gain to cellular system

	Cellular
	17.669
	-
	0.128
	-

	L1 relay
	w/o ISI,
PRS = Pmax
	22.885
	29.52%
	0.258
	101.56%

	
	w/ ISI,
K = 60dB
	19.319
	9.34%
	0.178
	39.06%

	
	w/ ISI,
K = 100dB
	22.158
	25.41%
	0.257
	100.78%

	Type I relay
	 2 backhaul
	23.137
	30.95%
	0.261
	103.91%

	
	 4 backhaul
	23.835
	34.90%
	0.266
	107.81%

	
	 6 backhaul
	24.288
	37.46%
	0.241
	88.28%
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